The original characteristics of an office information system, when compared to a conventional information system, imply the need for developing new design methodologies and models, or for substantially changing existing design approaches. In this paper the relevant features of office information systems are outlined and some existing office methodologies and models are classified and evaluated. Particular emphasis is given to the early phases of the design process, commonly called "conceptual" or "logical" design phases. The basic requirements for conceptual design methodologies in the office environment are derived from the analysis and evaluation of existing design approaches.
INTRODUCTION
Information Systems (IS) are now utilized in a wide range of application areas, and correspondingly diverse types of systems have emerged and various methodological approaches to IS design have been developed. Since automation of office work is one of the fastest growing application areas of IS [3, 11] , many research efforts have been conducted during the last few years to provide some guidelines with systematic foundations for the design of Office Information Systems (OIS) [1, 4, 6, 8, 13, 14, 15, 17, 19, 24-26, 29, 31] . In developing new methodological approaches to OIS design, identification and consideration of the different facets and original aspects of the office environment constitute a fundamental issue [20, 21] . These original features are particularly relevant in the early phases of the design process, commonly called the "conceptual" or "logical" phases.
The purpose of this paper is to provide a review of existing methodologies and models for OIS conceptual design, stressing their characteristic aspects and comparing their features. A discussion of areas of interest related to office models G. Bracchi and B. Pernici can also be found in [22] , where office models are classified according to different views of the office, or according to the diverse aspects of office work, into the following categories: procedural models, information-flow models, database models, decision-making models, and behavioral models. This paper emphasizes the first three categories.
In Section 2 the main concepts related to OIS design methodologies are discussed, and, in Section 3, some sample OIS design methodologies described. In performing office requirements specification, the design methodologies make use of conceptual models that are usually specifically conceived for OIS. These models are examined, described, and classified in Section 3, together with the design methodologies. Finally, in Section 4, the required features for OIS design methodologies and models are discussed and the previously classified techniques evaluated.
THE CONCEPTUAL DESIGN OF OFFICE INFORMATION SYSTEMS

Methodologies for OIS Conceptual Design: The Main Goals
The conceptual design of an office information system constitutes a complex task. In fact, in designing an OIS, it is first necessary to define office and business goals, which are not always evident, in order to understand what the work globally performed in the office is, and how the system to be designed will affect the work. The analysis of office work that must be carried out in order to gain such knowledge is also complex, due to the nature of office work itself, which consists of a large number of operational and decision support activities--in general, loosely structured--with many possible anomalies.
The goals of a methodology for office information system conceptual design are thus manifold. The main aim is to make the OIS design process easier and more reliable. In fact, it is recognized that even if it does produce a considerable overhead during the system design process, an analysis methodology usually increases the rationality, quality, and maintainability of office systems implementation. It does so by providing conceptual and practical guidance to the analyst in understanding an existing office and in designing the corresponding computer-assisted procedures [26] .
Thus, the first goal of an OIS conceptual methodology is that of obtaining a description of the office. A complete and formal description of all aspects of office work is unfeasible owing to the large number of exceptions, special cases, shortcuts, and so on, which are hard to identify and formalize. However, the model used in a methodology should describe as many aspects of the office as possible in an unambiguous way. This description should be useful and comprehensive not only to the analyst or system designer, but also to the people in the office (users, managers or OIS planners) who requested (or are affected by) the implementation of the system, enabling them to validate the system, suggest modifications, and identify inconsistencies.
A second aim of conceptual methodologies is to locate those functions in office work that are only loosely related to the goals of the enterprise. Analysis of these functions allows us to classify them into two basic categories: those which are not related to actual office work, but are still necessary for social and organiza-tional reasons, and those functions which really require reconsideration. Existing office models usually concentrate on the latter; for instance, it may be that some tasks that are no longer useful in achieving current office goals are still performed only because of habit. It is then necessary to identify and correct these procedures before implementation of a new system. Social functions must also be predicted, since they will very likely have to be modified according to the modified nature of the activities.
Finally, a conceptual methodology should act as guide in providing some technical solutions suitable to the office under study that take into consideration the set of analyzed problems. In addition to this, a methodology should also offer some indication of the criteria to follow in evaluating possible solutions and in choosing design tools, and should provide direct interfaces to the subsequent implementation phases.
Approaches to OIS Conceptual Design
A fundamental element of a methodology is the type of office conceptual view that is adopted during the analysis of the office. Just as in conventional information systems design, several types of conceptual views, which lead to different approaches in the analysis of office work, can be considered. These views can be classified as technical, organizational, and socio-technical.
A technical view examines office work in great detail, considering the operations that are performed and measuring them, usually in terms of execution time. The goal of such an approach is to identify optimal methods to perform the work. However, what is measured is mainly the physical dimension of office work, in spite of its intellectual nature. This results in analyzing the data, which are manipulated, and in measuring productivity mainly in terms of throughputs, instead of considering global office performance.
In an organizational view, the global organizational structure of the office is considered and business goals are examined. Hence, the hierarchical structure of the organization is reflected in the office model.
Finally, a socio-technical view considers the office in terms of the tasks to be performed by each unit into which the enterprise is subdivided. Each unit performs some sort of control on the work, which must remain within a predefined schema. A unit has resources and memory on which to base present and future actions. A set of decision rules is used to perform controls and to take into consideration goals and constraints in the execution of tasks. Office work is usually not examined with the high level of detail reached by the technical approach, but is instead seen as a set of activities executed by several groups. The persons working inside each group are examined, together with the available resources. Thus it is possible to consider not only the technologies to be used, but also the operators who utilize them; the joint optimization of the technical and social aspects can lead to a more usable and thus a globally more effective system.
OIS versus Conventional Information Systems
Some general approaches to OIS design are discussed above; in order to derive specific requirements for design methodologies, and owing to the peculiar nature of office work, it is useful to summarize how office systems differ from conventional IS. These differences must be reflected in the design process.
Office data. The conceptual models on which OIS design methodologies are based must be semantically rich and must consider all office elements, with their particular features. The types of data used in conventional IS, such as character, string, and numeric data, are not sufficient in the office environment, since other types of data, consisting of unstructured data contained in messages, letters, texts, annotations, graphics, and oral communications, are currently employed and must be supported. A characteristic of office data is that information elements are most frequently used together in groups (as in independently stored documents), instead of being manipulated as single pieces of information put together into a form; for instance, it is often useful to store in its completeness a document of type "letter."
The time factor. Another aspect essential in the specification of office elements is the time factor, needed to determine the life time of documents or of single operations, or to specify the duration of activities and timing constraints; it is used for scheduling activities, calendar functions, and performing control operations on the OIS. Time data must be defined in the system together with all the operators that can be applied to it. Flexibility is also needed in the definition of time constraints, which are usually rather lax. For instance, a business letter must be answered within an approximate time interval.
Office activities. Not only data are unstructured in OIS, but also some of the activities that are performed on the data. The same action can be performed in several ways, provided that the obtained result is the required one. Most office activities, moreover, are performed once some form of instruction has been given to the worker who is to perform it. This instruction is usually incomplete and, to perform the work, knowledge, which is only implied in the instructions, is needed. Flexibility in performing activities is essential for achieving office goals, due to the high number of possible abberations. Every abberation that can arise during office work should be supported by the system, at least in a minimal way; for instance, it is necessary to determine what to do if a person needed for a certain decision is absent.
Interconnection of elements.
Complexity in an OIS is higher than in a conventional IS design for operational activities. There are a large number of elements in each office which are related through several connections. In general, the elements that are needed to perform office work are distributed among several office workers in the same or in different departments, and can also be located externally to the office environment. Thus one of the main office functions is communication among office workers and with the external world [28] .
Office evolution. Another aspect that must be considered in the analysis of OIS elements is the inherently high level of evolvability. The most unstable aspects of an office are the constraints defined on its elements; for instance, the authorization for a worker to perform an operation. Activities can also be changed, in time, due to evolving ways to process information, for instance. Document types can also vary (although at a lower frequency) owing to new legal requirements. Usage characteristics. OIS are highly interactive: the interface with the users should be adequate to the kind of work to be performed, and dialog with the system should be possible for even the casual user. In fact, OIS usage implies a direct contact between office workers and the system. Users tend to be nonprofessional and very diversified. Thus the need to design a user-friendly system, which requires the development of functions for high-level users also; for instance, decision support facilities should be made available to those at the top management level. Another implication is that some knowledge roles in the office are replaced by the use of OIS.
Filtering. One of the functions of an OIS is filtering the large amount of data in order to provide office workers with specific information. Filtering can be useful, for instance, in both discarding uninteresting mail or in handling it automatically, and in selecting data that must be analyzed to make a decision.
Reminding. In conventional offices, the arrangement of papers, books, and notes on the desk and on office shelves has the function of reminding workers of activities to be performed and their different priorities [18] . In an automated office, where most of the information is hidden from the user, the system must provide the function of reminding--which, in conventional offices, is supported by the allocation of papers. This function can be improved by the automatic scheduling of activities (tasks to be performed, meetings to attend, and so on).
Integration of functions. In OIS there is an integration of different functions,
based on cooperation among the elements in the office, to achieve the goal (not always well defined) of an efficiently operating system. Typically, the work is done by different workers in distinct steps. Various functions such as communication, data processing, information manipulation and retrieval, personal assistance, and task management are linked together and used by the same worker in a fast sequence (these functions may also interrupt each other).
Impact of the technology. OIS technologies
are not yet established and are evolving quickly; hence, office methodologies should be as independent as possible of implementation details, particularly in the early phases of OIS design. On the basis of the features of an OIS that have been outlined in this section, some well-known office conceptual methodologies and models are described and evaluated in the rest of this paper.
METHODOLOGIES AND MODELS FOR OIS DESIGN
The design phases of the OIS are similar to phases that can commonly be found in conventional IS methodologies for the design of databases and information systems (see Figure 1 ) [23] . In the requirements analysis phase, the office work is studied and requirements are then formally specified, using a conceptual model of the office. Another phase is concerned with the optimization and implementation of systems. The evaluation of the currently running system and of the new requirements produces subsequent modifications.
Each OIS design phase shows many differences when compared to conventional IS design, since the original characteristics of office systems (summarized in Section 2) have to be taken into consideration. These differences are particularly 
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extensive and meaningful in the early, conceptual design phases, namely in requirements analysis and in requirements specification. Thus the focus of this paper is on these two early phases. In the literature, the problem of formally specifying office elements in a model has been investigated in more depth than that of proposing a complete methodological approach to OIS design. Hence, there are few methodologies in existence that offer complete frameworks, instead they emphasize only a subset of the OIS design phases. But, on the other hand, many conceptual office models exist on which the requirements specification phase can be based, and some of them also consider the subsequent step of the logical optimization of office description.
Even if the models are not explicitly included in a complete methodological framework, they still often assume a specific methodological approach. In particular, the requirements analysis phase can be based on approaches also common to conventional IS design, such as technical analysis, decision analysis, social or behavioral analysis, and prototype implementation for experimention [9] ; correspondingly, some elements in the models are emphasized more than others.
In this section, several OIS design methodologies are briefly illustrated and some of the most relevant conceptual models are outlined and classified. All of the presented models and methodologies are considered independently of their specific usage environments. In fact, it should be possible to distinguish between models used for procedurally describing office work and models which are implementation independent [15] . The latter are based on languages which are designed as documentation tools, and describe office functions in an implementation-independent way. The former (procedural) models focus on current task structure, rather than functions. This paper considers both types of models together, since the distinction is not sharp, and languages used for documentation can sometimes be used for specification of prototypes also, or even of the final system.
Sample Design Methodologies for the Office Environment
Three sample OIS design methodologies are illustrated here: OFFIS, Office Analysis Methodology (OAM), and MOBILE-Burotique. These three methodologies are not really directly comparable: their purpose and phases of application in the design process are different, as illustrated in Figure 2 . Moreover, while OAM and OFFIS are specific methodologies, MOBILE-Burotique is more of a meta-methodology, which provides ingredients for a real methodology.
OFFIS. OFFIS is a system designed to facilitate an interactive and iterative office analysis and design process, providing the planner/designer of the automated office with a flexible method for analyzing system features and constraints [16] . OFFIS was developed at the Department of Management Information Systems at the University of Arizona. The system is based on the OFFIS model. The elements of the model can be specified in the OFFIS language by planners/ designers who are office personnel or managers. The language has a simple syntax and is nonprocedural.
In the specification of office requirements the system is divided into sections, which describe categories in the office (for instance, departments or types of documents). The elements specified with statements of the language describe requirements and constraints. These specifications lead to an incremental development of the office model. The OFFIS system, besides providing for model building, also provides the possibility of analyzing, through a set of rules, the consistency and completeness of the office system, and of obtaining the corresponding reports. The specifications are collected in the OFFIS database and used by the analyst (see Figure 3) . The requirements analysis is based on a technical approach to requirements collection. The basic elements in an OFFIS model are objects, attributes, and relations. Objects are static elements that describe data and agents. Attributes are related to objects. Relations describe interconnections among objects, with the main purpose of expressing possible operations. Relations can also express conditions, durations, and organizational hierarchical connections in terms of persons that must report to others. The information flow is expressed through the relations, and a weight is provided to measure their importance.
OFFIS methodology is principally based on a technical model in which offices and office elements are studied in great detail. However, it also takes into consideration some of the organizational divisions in the offices, thus enriching the technical approach to the design. Several design tools are provided, mainly for the analysis of the correctness of the conceptual model resulting from user requirements specification. Some specifications in the OFFIS language, extracted from [16] , are shown in Figure 4 .
Office Analysis Methodology. The Office Analysis Methodology (OAM) was developed by the Office Automation group at MIT [26] . It is based on the analysis of the activities performed in the organization. The goal of OAM is to understand office work in terms of functions, activities, flows, tasks, and so on, and to specify this knowledge in a systematic way. The methodology is directed to the analysis of semistructured problems at a managerial level in order to identify the business goals of the organization. The office analysis process investigates why functions are performed, what they do, and how they are implemented. A general schema describing how office analysis is conducted using OAM is shown in Figure 5 . The first step of the methodology consists of identifying and listing for each function its resources and tasks. The second step analyzes the procedures in the office without considering exceptions. The third step classifies exceptions into main categories. The fourth step identifies conflictual situations and ad hoc decisionmaking processes. The fifth step consists of a revision of the office model, involving validation of the model by office managers, definition of user interfaces, and general exception handling. The last step consists of preparation of documentation. EXTERNAL-NAME ACCOUNTANTS; Fig. 4 . The OFFIS language [16] . Example language specification. 
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OAM approaches the office with an organizational model. Office functions are examined top-down; the office manager and planner are interviewed first, and then office activities are examined in greater detail, following the office hierarchical level. In contrast, the integration of the office system with the organization and the other systems is performed bottom-up. The results of the requirements analysis phase can be specified in the Office Specification Language (OSL). OSL [14] is a high-level and problem-oriented language, which embeds the concepts of hierarchical abstraction and resource. It provides the advantage of using a nonambiguous description of the office. This description is implementation independent, emphasizing office functions rather than specific' operational tasks. An OSL processing system which would automatically generate an office information system from the language description is under study.
MOBILE-Burotique.
The Organization-Methodology Group, part of the KAYAK project at INRIA (France), has established and experimented with the MOBILE-Burotique methodology for OIS design [10] . Human and organizational factors are considered together with the technical aspects of the design. The office issues to which the system must refer are productivity, economic assessment of the proposed technical solutions, and acceptance of the system by the organization and its office workers. These issues imply the following series of consequences for the technological aspect of the project: an OIS should be modular (that is, composed of integrated functional modules) and simple to use, and it should provide a series of measures of the work performed. MOBILEBurotique is a meta-methodology; in fact, it provides a series of types of instruments for observation and analysis. They can be classified into instruments for conducting an overall observation of the organization, instruments for analyzing the procedures performed in the organization, and instruments for supporting office analysis, such as simulation. Some constraints are given for the implementation of these instruments (i.e., their cost, the usefulness and reliability of the obtained results, the time required to use them, and their acceptability to the organization). The most suitable instruments can then be chosen via a costbenefit analysis. In this methodology there is an attempt to take into account social factors in system design. Moreover, it provides some guidance in each of the OIS design phases.
Categories of Office Conceptual Models
Office conceptual models can be classified, on the basis of the fundamental elements that they take into consideration, into the following main categories:
data-based models, process-based models, agent-based models, and mixed models.
In Table I , some well-known existing conceptual methodologies and models are grouped into the above categories (the classification of methodologies is derived from the type of the underlying conceptual model for requirements specification). Models are listed chronologically within each class, and are examined with respect to both general characteristics and to particular features.
Most of the models of Table I are formal, since they provide the formal description of at least some of the office elements. All models have the goal of describing office elements and activities, but some also offer features for guidance in restructuring activities. In Table I tive and analytical models. Descriptive models provide specification of office elements and office work, leaving to the analyst the task of restructuring office procedures, when necessary. Analytical models provide instead, together with office description, some facilities for supporting automatic restructuring of office procedures. For each model, Table I specifies the type of requirements analysis that is adopted (which can be technical, decisional, social, or based on a prototype). The last two columns of Table I synthesize the characteristics of the models, listing their basic elements with a few comments.
In the rest of this section, features held in common by each class of conceptual models will be discussed, and one of the models will be illustrated more extensively to provide a clarifying example.
Data-based models. Generally, data-based models group data into forms, which are similar to paper forms in the traditional office. Types of data and the operations on data (storage, retrieval, manipulation, transmission) are the basic elements of these office conceptual models. Office activities are then seen as a series of operations on data.
An important example of a data-based model is Office-by-Example (OBE), developed by Zloof [31, 32] . OBE is a language for describing and manipulating office objects of different kinds; it is an extension of a well-known query language fo relational databases (Query-By-Example) and of the System for Business Automation [30] . The data structures on which OBE is based are two-dimensional objects, in the form of tables, which can be relations, forms, reports, hierarchical structures, documents, menus, and so on. The system allows the user to define (program) its own objects and to use complex data types such as time, graphics, and text. OBE has evolved from the consideration of simple forms to the above mentioned types of two-dimensional structures, although keeping the aspect of objects similar to that of paper forms. In a prototype OBE system [32] , several basic office functions are defined with a unique language. Such functions include word processing, querying, automatic triggering of office activities on temporal conditions and/or events, data processing, authorizations, communication, and creation and manipulation of documents. An example of how a program can be written to send predefined letters to selected persons, upon certain conditions, is displayed in Figure 6 [32] .
The main purpose of data-based models is to represent the office from the viewpoint of objects manipulated by office workers (agents), in a way similar to traditional offices, where work is primarily based on documents. It is probably for this reason that the early, conceptual office models were mainly data-based, used to design office work-stations--where the work of a single user at a time is supported--connecting users through a communication network (see, for instance, OFFICETALK-ZERO [11] and OMEGA [5] ). The general work flow in these models is not under system control and single users are supported by the system in their individual activities only.
Process-based models.
Process-based models analyze and describe office work by looking at different activities performed concurrently by the users and the system.
There are different types of models of this class: SCOOP, developed by Zisman [29] , is chronologically the first one, and provides a particulary clear illustration Trigger program to check SALES table and send letters [32] .
Basic SCOOP elements [29] .
) a2 al of the characteristics of process-based models. It applies to the office environment concepts already used in other areas for the analysis of concurrent processes, and is based on an extension of conditions/actions and Petri nets. In this formalism, certain conditions trigger the appropriate actions. Different conditions may be neces.sary to trigger an action, and a single action can cause several conditions. The conditions can be based on time (a certain date or the elapsing of a certain interval) and/or events. For instance, an initial condition triggers the execution of an activity whose termination is an event; this event, with the possible addition of other conditions, triggers new activities, thus establishing an order of execution for activities. Processes are described through Petri nets, where conditions (circles) are set as preconditions of activities (bars) to be triggered, as shown in Design Requirements of Office Systems
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information necessary for the advancement of activities are specified in a system knowledge base through production rules. A production rule is generally of the following form: if (condition) then (body). The "if" part is a logical expression and the "body" specifies which operations are to be performed if the logical expression is true (operations such as activation of other rules, setting of parameters, and manipulations on data). Several other models of this category now exist; some of the more significant ones are listed in Table I . Also, the conceptual model on which the OAM methodology is based is a process-based model. In fact, office work in OAM is described in terms of functions, activities, tasks and flow of activities, where the resources used in the system are seen in relationship with activities. The goal of process-based models is that of representing office activities in a coordinated way: thus the approach is not founded (as in data-based models) on operations performed by single users, but instead on an integrated vision of all the activities performed in an office in Order to execute certain tasks, with the purpose of a general control of office work.
Agent-based models. An office can also be modeled from the viewpoint of the functions performed by active elements of the office environment (the agents). An agent-based model (for instance, the Structural Office Model [2] ) describes the office by associating to the different agents a set of functions (i.e., the different roles that they take in performing their tasks, the domain Within which they are authorized to act, and the set of relationships that link them to other agents). Every agent has also his or her personal data as a personal database. Hence, the description of office data and activities is dependent On a third element (besides data and processes) assumed as basic in the system; that is, the set of office workers and their organizational structure. Those actions that are performed automatically by the system are also considered as performed by particular agents. This approach is different from the other two because its goal is that of examining office workers' roles, the delegation of roles in the office, and so on; while data and activities are considered only in relation to their executors. Thus, owing t0 the evolution of and changes in office work, it is easier, in this type of model, to describe the structural modifications in the office.
Mixed models. Mixed models explicitly assume more than one type of element as the basis for system specification, and define the relationships among these elements. The SOS (Semantic Office System), developed at the Politecnico di Milano by the authors of this paper [7] , is an example of a mixed model. SOS classifies office elements into three different submodels: the static, the dynamic, and the evolution submodels. The static submodel contains the specification of data related to office work--basic types of static office elements ate documents, dossiers, and agents. The dynamic submodel contains the specification of operations and activities performed in the office. The evolution submodel specifies, through two sets of rules, both the normal evolution of office work and the possible structural modifications of office tasks. Some of the rules support office activities with information useful in performing operations or in making decisions, other rules trigger the automatic execution of some operations, still other rules definitively specify static and dynamic constraints on data and the authorizations to manipulate it. In the definition of all system elements, abstractions 27] are used to specify generalizations, aggregates, and associations of elements. The purpose is to specify office element semantics together with their structures. Most of the recent office models belong to the mixed category, since it provides more complete specification of different types of fundamental elements in the office and of their interrelationships. It should be noted that some of the models which in the early days belonged to one of the three categories mentioned above have since evolved into the mixed category. Examples of this transformation are OFFICETALK-D [12] ; a data-based model, OFFICETALK-ZERO [11] ; and a process-based model, Information Control Nets [8] .
BASIC REQUIREMENTS FOR OIS CONCEPTUAL DESIGN METHODOLOGIES
In this section some requirements for methodologies and models for OIS design are illustrated, and the models presented in Section 3 are evaluated accordingly. OIS design methodologies can be evaluated according to different types of features, which, using a classification similar to the one used for conventional IS, can be included in one of the following groups: technical features, usage features, project management features, and economic evaluation features. Since this paper has for the most part considered technical models for OIS design and implementation, these models will now be evaluated according to a few technical features, with results that are particularly relevant for OIS, on the basis of the discussion in Section 2.
The Technical Features of Methodologies
Technical features include technical characteristics of the methodology and/or model, their basic elements, and the way in which they are specified. For the sake of brevity, the features that are discussed here have been selected in order to focus on the most relevant and original aspects of the OIS conceptual design process, without, however, providing an exhaustive list of characteristics, including those common to conventional IS. In this way, the technical features specified for OIS models in Table II also constitute a set of requirements for evaluating the extensibility of a conventional IS model to OIS design. The features in Table II are concerned with types of data, types of activities, and functions. Data features deal with the categories of documents--particular document types for specific applications, operations on documents that extend the usual operations on simple data types, abstractions [27] , and unstructured data--with the time factor and the specification of events. Activity features deal with the specification of controls and with synchronizing mechanisms on activities performed by the system, the possibility of specifying unstructured activities (e.g., decision making) and abstractions on activities. Two important functions that an OIS should provide are communications and exception handling (the models should give primitives for them). Another important feature is the task level that can be reached in the description by using a certain model. All models describe elements at the operational level, some of them (including all the process-based models) provide a description at the management level, and a few provide the description of planning activities to be supported by the system. 
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• 167 Table II shows that data types concerned with documents are usually well defined in data-based models, with the exception of abstractions, which are usually more carefully considered in recent mixed models. Data types concerned with control • G. Bracchi and B. Pernici aspects such as times and events are present only in the most recent data-based models, but are commonly dealt with in process-based and mixed models, where control data are fundamental in the definition of the control aspects of activities (which, on the other hand, are usually neglected by data-based models). Activities are poorly handled in pure data-based models, while process-based models allow a sophisticated description; some control of activities is permitted in the recent data-based models. Description of complex and unstructured activities is also possible in all of the most recent models that are based on processes, agents, and in those that are of the mixed type. The treatment of functions, however, is not as dependent on the type of model. While communication is a characteristic of data-based models (inherited by mixed models also), and exception handling is more characteristic of process-based models, there are other functions (not considered in Table II ) which are almost independent of the type of model. Some functions are concerned wtih support operations (such as support in development, use, and evolution of the system), others deal with decision support based on data and tools provided by the system. It can be observed that these functions are often provided by data-based models; in fact, because these models are oriented to those office activities that are performed by individual workers at a workstation, support functions are essential, since they actually support the basic activities of the individual user. On the other hand, other types of models, those based on a more integrated and general approach to office work, do not necessarily require any support for individual workers. There are other features that are important in an OIS: modularity in the specification of different types of elements in the model {on which the evolvement capability of the model depends); simplicity of specification, including comprehensibility; implementability of the system; and the existence of a graphic representation in the model.
Simplicity and implementability favor data-based models, which do not capture complex features of OIS, and are thus easier to implement and use. Graphics are not always used in OIS models; in fact, when the models specify a complex reality, their graphic description can become very difficult.
SUMMARY
A summary is derived from the analysis and comparison of the models. It can be seen from Table II that models based on data provide the possibility of defining sophisticated data types for documents, while lacking primitives to describe events.
Models based on processes, on the other hand, allow precise specification of temporal conditions and events, but are often inadequate in the definition of data types; when this definition is used, it is often performed in a generic way.
Models based on agents perform well as far as activity and function definitions are concerned, but the strong dependence of all office elements on the one main definition (agents) causes a rather poor definition of all the other types of data. Mixed models show good technical features, but are still lacking in usage features and in graphic representation.
We conclude that future developments will increasingly integrate the characteristics of the first three types of models into new mixed models; however, such global representations still require wide research in order to be practically useful for supporting a complete OIS design methodology.
